Inductively coupled plasma atomic fluorescence spectrometry (ICP-AFS) was applied to the determination of trace elements in edible parts of marine invertebrates.
Determination and Distribution of Trace Elements in Marine Invertebrates
Toshiaki ISHII,* Ryoichi NAKAMURA,* Masafumi ISHIKAWA,* and Taku KOYANAGI* (Accepted August 23, 1984) Inductively coupled plasma atomic fluorescence spectrometry (ICP-AFS) was applied to the determination of trace elements in edible parts of marine invertebrates.
Element contents (except aluminium and lead) in the NBS standard reference material 1566: oyster tissue measured by ICP-AFS were in agreement with certified values. Furthermore, analytical results indicated that ICP-AFS is one of the effective multielement analyses, because of a simultaneous determination capability, large dynamic ranges, small interelement interferences, and a satisfactory precision.
From the investigation of the elemental distribution in marine invertebrates, the highest con centrations of transition elements were found in the kidney of the scallop.
It was found that the liver of the lobster contained high levels of copper and cadmium.
Especially, the cadmium con centration in the liver was about two thousand times higher than that of the abdominal muscle.
Gel filtration profiles (Sephadex G-75) of iron, copper, zinc and cadmium in livers of marine organisms varied according to species. Moreover, a significant difference in the chromatogram of copper was observed among the oyster samples collected from five sampling sites. The ratio of the third peak area indicating the lowest molecular weight (below 5,000) to the whole was re lated to the total amount of copper in the liver of the oyster.
The result by analytical electron microscopy indicated that iron, copper and sulphur were localized in granules of epithelial cells of the oyster gills. In contrast, these elements were not detected in other analytical points such as nuclei or cytoplasm. In order to find accumulators for specific ele ments in screening works and to qualify ac cumulators as good indicators, the analyses of many samples including organism, seawater and sediment are necessary. From this point of view, simultaneous multielement analyses such as neu tron activation analysis,8) inductively coupled plasma atomic emission spectrometry (ICP-AES)9) or particle induced X-ray emission10) are preferred to a single element analysis like atomic absorption spectrophotometry (AAS).
In this study, the applicability of inductively coupled plasma atomic fluorescence spectrometry (ICP-AFS) to the determination of elements in edible parts of marine invertebrates was compared with that of ICP-AES and AAS.
In addition, the distribution of trace elements height in the plasma. Sample and standard solu tions are introduced into plasma through a cross flow nebulizer mounted on a glass horn spray chamber.
Fractionation of Elements by Gel Filtration Chro matography Six species, crustaceans: the lobster and crab E. isenbecki, cephalopod mollusc: Octopus ocellatus, bivalve molluscs: the oyster and Scapharca satowi, and fish: Japanese sea bass Lateolabrax japonicus (for comparison) were used in order to investigate the relationship between trace elements and con stituent materials of marine organisms.
One to two grams of livers (hepatopancreas for crust aceans and digestive diverticulum for bivalve molluscs) were homogenized in 10ml of 0.025M Tris acetate buffer solution (pH 8.4) by a high speed homogenizer for 1min, and homogenates DC-signals.
In contrast, ICP-AES showed over ten percent fluctuations of intensity for aluminium and lead. It is assumed that the fluctuation resulted from matrix effects. It is reported that the ICP-AES system has many background interferences such as unresolved spectral lines, stray light, molecular emission, etc. Therefore, in order to determine trace elements more accurately under the presence of matrix elements, ICP-AES needs an exact matrix matching procedure, and background cor rection (or matrix correction) by a complicated computer program.
On the other hand, ICP-AFS is susceptible only to rare direct spectral line overlap and particulate light scattering interferences. But it is reported that these interferences are less than those of the AAS system.11)
Meanwhile, the relative standard deviation of ICP-AFS for 1 ppm of copper is about 7% and is inferior to ICP-AES, as shown in Table 3 . But, the precision of ICP-AFS improved with measur ing time. At the longer integration times, the precision became better than that obtained with ICP-AES and AAS systems.
The results analysed by ICP-AFS, AAS and ICP-AES for the NBS standard reference material 1566: oyster tissue are shown in- Table 4 . Each value is expressed as mean and standard deviation for three sample solutions (1.887g, 1.888g, and 1.893g of dried materials were dissolved in 50ml). Contents of Na, K, Mg, Ca, Mn, Fe, Ni, Cu, Zn, Cd, Cr and Al determined by ICP-AFS are in agreement with certified values, or results obtained by AAS and ICP-AES. Therefore, it is considered that the analytical accuracy of ICP-AFS is com parable to that of AAS and ICP-AES. But, it seemed to be difficult to measure low concen trations (below 20 ppb) of transition elements under the presence of matrix elements. Table 5 shows concentrations of trace elements in edible parts of marine invertebrates determined by ICP-AFS.
But, some of the values were ob tained by AAS. For example, the copper con centration in the liver of lobsters was measured by AAS, because ICP-AFS showed "High Back -ground" signals in spite of the change of the ob servation height or the 20-fold dilution of the sample solution. Furthermore, data for lead was also replaced with that obtained by AAS since the linearity was not obtained, as before. As a general conclusion, ICP-AFS can be regarded as one of the most effective multielement analyses for the determination of transition ele ments in edible parts of marine invertebrates since it has good detection limits, large dynamic ranges, and small interelement interferences, and it shows the satisfactory accuracy and precision.
The Distribution of Trace Elements in Marine Invertebrates Table 6 indicates that the highest concentrations of transition elements are found in the scallop kidney. But, concentrations of manganese and zinc in the kidney are quite different from those of P. maximus.4) It is considered that P. yessoensis is not an accumulator of manganese and zinc.
Meanwhile, the lobster liver contains high levels of copper and cadmium, as shown in Table 7 .
Especially, the cadmium concentration in the liver is about two thousand times higher than, that in the abdominal muscle,
Fractionation of Trace Elements by Gel Filtration Chromatography
Gel filtration profiles (Sephadex G-75) of Fe, Cu, Zn, and Cd in livers of marine organisms are illustrated in Fig. 1-A, B, C, D . Approximately, 10 and 100ml of the elution volume correspond to more than 2,000,000 and 10,000 of molecular weight, respectively, based on molecular weight calibration by a blue dextran 2,000, ovalbumin and so on. The elution patterns of Fe, Cu, Zn and Cd vary from species to species. According to our survey on the species vari ability, bivalve, molluscs (8 species) showed wide differences in the chromatograms for four ele ments. On the other hand, marine fishes (7 species) had the same profiles (unpublished data).
A chromatogram of copper in the liver of oysters collected from five sampling sites in Ibaraki Prefecture is illustrated in Fig. 2 . The profile of the Ose area differs from that of four other areas. Most copper in the oyster at Ose area are estimated to be associated with constituent materials indicat ing a low molecular weight (below 5,000).
The total amounts of trace elements in the soft part and liver of oysters collected from various sampling sites are shown in Table 8 copper, iron, and sulphur are contained in the granule, but these elements were not detected in other analytical points such as nuclei, cytoplasm, etc.
The same results were obtained for speci mens of the liver of the oyster and lobster.
On the other hand, no peaks of zinc and cad mium appeared in spectra of some analytical points, in spite of high contents of them in the kidney of scallops (see Table 6 ). Homogeneous distribution might cause no detection of elements because the detection limits of an analytical elec tron microscope with an energy dispersive X-ray analyser are about 1,000 ppm for most elements. But it is estimated that they moved from the deposited area during fixing by glutaraldehyde and osmic acid. Therefore, sectioning in a cryo microtome or the use of hydrogen sulphide-saturated buffer solution may be necessary to reduce the loss and the redistribution of metals, as GEORGE13,14) indicated.
